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INTRODUCTION
It has long been recognized that the Great Plains represent a major transition
zone in the distribution patterns of North American birds; field guides
traditionally have treated the 100° W.longitude meridian as a convenient dividing
line between eastern and western faunas. Furthermore, this line rather neatly
bisects the political subdivisions of the Great Plains, namely the "plains states"
extending from North Dakota southward through South Dakota, Nebraska,
Oklahoma, and Texas. Of these, Texas is the least typical, its climate and fauna is
strongly influenced by the Gulf Coast on the east and the Chihuahuan desert on
the west. As a result of its size and ecological diversity Texas supports the largest
array of breeding bird species of any state in the nation. Thus, in the present
analysis it was decided to eliminate from consideration all but the northwestern
"panhandle" of Texas, which consists of the grassland-dominated "staked
plains." Further, to facilitate the faunistic analysis, limiting lines of latitude and
longitude were selected that not only encompassed all five other states mentioned,
but also parts of several adjoining ones. After some deliberation, it was decided to
define the coverage of the analysis as extending from the U.S.-Canadian border
{49° N. latitude) southward to 34° N. latitude in Texas, following this line east-
ward until it intersects with the Texas-Oklahoma boundary, and continuing east-
wardly along the boundary to the eastern limit of Oklahoma. The western limit
was defined as the 104° W. longitude meridian, which essentially conforms with
the western boundaries of the Dakotas and the Nebraska' 'panhandle", and con-
tinues southward through the eastern portion of Colorado and New Mexico. The
eastern limit was selected as the 95° W. longitude meridian, which includes the
prairie areas of western Minnesota, the western edge of Iowa, and a small part of
extreme northwestern Missouri. Where this line intersects with the Missouri
River along the Missouri-Kansas border, the coverage was continued eastwardly
to include the extreme eastern portions of Kansas and Oklahoma (Fig. 1).
The area thus enclosed includes all of five states, parts of six others, and com-
prises a maximum north-south distance of slightly more than 1,000 mi, as well as
a maximum east-west distance of nearly 550 mi. The total surface area includes
502,000 mi2 , or 17 percent of the land area of the 48 contiguous United States.
It lies almost entirely within the "grassland climax" as mapped by Clements and
Shelford (1939), and perhaps represents about the largest land area south of
Canada having a relatively uniform floristic nature that could be established for
purposes of analysis. A very similar area was selected for an inventory of the Great
Plains plant flora (Barkley 1977).
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Fig. 1. The distribution of the grassland climax vegetation type as mapped by
Oements and Shelford (1939) relative to the region selected for analysis (vertical
hatching).
Although there are minor variations, the overall topography of this region is
that of an inclined plain, which slopes downward from the west to the east at an
average gradient of about ten ft. p. mi. The highest point in the region is Sierra
Grande, in northwestern New Mexico, at 8,732 ft. above sea level, while the
lowest point is in southeastern Oklahoma, at 323 ft. above sea level. To the
north, the Black Hills of South Dakota provide a secondary montane influence,
with a maximum elevation of 7,242 ft. provided by Harney Peak. Along the east-
ern limits the only highlands of significance are the Ouachita Mountains, a part of
the Ozark Plateau, which attain a maximum height in excess of 2,000 ft. Over
nearly the entire area, the general water drainage is to the southeast into the Mis-
souri and Mississippi systems, but in North Dakota the Souris and Red Rivers
are part of the Hudson Bay drainage system.
Approximately the northern half of the total region has been markedly af-
fected by the action of glaciers, of which the most recent or Wisconsin age
glaciation has had the strongest effect on present-day landforms. Most of eastern
and northern North Dakota, parts of eastern South Dakota, and all of western
Minnesota bear such glacial scars as ground moraine, dead ice moraines, and end
moraines. The entire Red River Valley represents a lake plain that was once
covered by glacial Lake Agassiz, and which drained and retreated northward less
than 10,000 years ago. Likewise the Souris Lake plain of north-central North
Dakota and several other smaller lake plains and areas of deltaic sands associated
with glacial lakes provide similar evidence of glaciation. West of the Missouri
River the uplands consist of many extensively eroded plains, with buttes, bedrock
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valleys, and highly eroded "badlands" marked by dry valleys, steep and dry
slopes, and sharp ridges, which provide excellent habitats for a variety of cliff-
nesting bird species.
The pattern of rainfall throughout this region is relatively simple. In general,
it increases from the northwest to the southeast, at the approximate rate of about
one in. per 40 mi. at the northern edge of the region, and one in. per 10 mi. at the
southern edge. The wettest locality in the region is Ouachita Mountains of
southeastern Oklahoma, with more than 50 in. of precipitation annually, while
less than 13 in. of annual precipitation occurs near Clayton, Union County, New
Mexico. About three-fourths of the rainfall occurs during the growing season,
which ranges from about 100 days in northern North Dakota to 240 days in ex-
treme southeastern Oklahoma. However, evaporation rates also increase
correspondingly as one proceeds southward. The highest rates of annual
evaporation (as measured from lake surfaces) occur in the staked plains region,
where evaporation rates more than four times greater than the annual
precipitation rates are characteristic. Much lower evaporation rates are typical of
the cooler and more northerly states, and thus parts of eastern North Dakota can
support a lush tall-grass prairie vegetation with less than 20 in. of precipitation per
year, while the same amount of precipitation on the staked plains allows only for
the barest stands of buffalo grass and other xeric-adapted plants.
Although enormous changes have occurred in the vegetation of the region,
numerous historical records and sufficient relict communites still exist to provide
a reasonable basis for mapping the original distribution of vegetation types
through the region. Largely on the basis of the vegetation map asembled by
Kuchler (1964), it is possible to estimate the relative abundance of major plant
communities that once covered the land surface of the region under consideration.
Using such criteria, it seems likely that the 502,000 mi? area was once 81 per-
cent grasslands, 13 percent hardwood deciduous forest or forest-grassland mosaic,
3 percent sagebrush grasslands, and 2 percent coniferous forest or coniferous
woodland. The remaining one percent is now covered by surface water,
predominantly of recent origin resulting from river impoundments.
METHODS AND RESULTS
Using a variety of published and unpublished records, distribution maps were
drawn for all of the species known to breed within the geographic limits
established. These will be published later (Johnsgard, in press), but the data
assembled-indicate that a minimum of 324 species have recently bred or currently
breed in the area under consideration. Five of these are introduced species, and
were excluded from the analysis, and another seven species are either extinct or
have been extirpated from the region. Of the 312 remaining species, about 260
are "regular" breeders. Thus well over 50 percent of America's continental
breeding bird fauna is included within the region's geographic limits, in spite of
the fact that it is less than a fifth of the total area of the U.S.A. excluding Alaska.
This is a rather surprising statistic, since the endemic Great Plains bird fauna is
known to be a relatively meager one, consisting of only some 32 (Udvardy 1958)
to 38 (Mengel 1970) species, or about 5 percent of North America's total avi-
fauna.
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Bases for analyzing the zoogeographic categories were as follows:
Endemic: Largely limited to the grasslands or marshes of the
Great Plains.
Pandemic: Having a large continuous or disruptive distribution
pattern not clearly associated with specific major vegetational types.
Introduced: Added purposefully or accidentally to the fauna.
Northern: Having a breeding distribution generally associated
with boreal forest areas to the north or northeast of the region in
question.
Eastern: Having a breeding distribution generally associated with
deciduous forest areas to the east or southeast of the region in
question.
Southern: Having a breeding distribution generally associated
with deserts or scrublands to the south or southwest of the region in
question.
Western: Having a breeding distribution generally associated
with montane forests to the west or northwest of the region in
question.
The ecological distributional categories were as follows:
Grassland species: Having a breeding distribution generally
associated with grasslands.
Arboreal species: Having a breeding distribution associated with
deciduous or coniferous forests or woodlands.
Xeric Scrub species: Having a breeding distribution associated
with sage or other arid-adapted and shrub-dominated vegetational
types.
Limnic species: Having a breeding distribution associated with
marshes, rivers, lakes, or other surface-water habitats.
Miscellaneous: Having a breeding distribution not specifically
associated with any of the above categories.
Three additional categories relative to abundance are also in-
cluded:
Accidental: One or two recent breeding records, but the normal
breeding range is well beyond the limits of the area under con-
sideration.
Extirpated: No longer breeds in the area under consideration but
still exists elsewhere.
Extinct: The species evidently no longer exists elsewhere.
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A listing of all the species included in this analysis, together with their
geographic and ecologic affinities, may be found in Tables 1 to 5, and a numerical
summary of these listing appears in Table 6. From these tables it is clear that the
greatest single component of the breeding bird biota is provided by arboreal
species, which represent more than half of the total bird fauna, although wood-
lands and forests occupy only 15 percent of the region's surface area. In contrast,
although grasslands cover 81 percent of the area, grassland species comprise only
11 percent of the total bird faunal diversity. The small percentage of xeric scrub
species (4%) corresponds closely with the approximate percentage (3%) of
sagebrush grasslands relative to the total area. An estimate of the value of marshes
and other surface water areas to breeding birds is provided by the fact that,
although such habitats occupy only about one percent of the region's total area,
limnic species make up 21 percent of the breeding bird fauna.
The zoogeographic influences of regions continuous to the Great Plains
become evident when one considers the geographic affinities of the bird fauna, as
summarized in Table 6. The largest single component (27%) is eastern, and as
might be expected these are nearly all of deciduous forest species. The next largest
component (23%) is of species having pandemic distributions, particularly forest
and limnic species. Species with western affinities make up nearly a fifth of the
total, and these are in large measure birds of the Rocky Mountain coniferous
forests. Species with northern affinities comprise 17 percent, and most of these are
birds of the coniferous boreal forests of Canada and the Great Lakes States. The in-
fluence of southern species is relatively low, consisting of 7 percent of the total,
and many of these are xeric scrub or desert-adapted forms of the Chihuahuan
aridlands. In spite of the vast area represented by the Great Plains grasslands,
only 5 percent of its bird fauna may be considered endemic, half of which is com-
prised of grassland-adapted sparrows, while several others are shorebirds associ-
ated with low meadows or prairie marshes.
Although this overall pattern of affinities is in itself instructive, a more "fine-
grained" analysis is obviously desirable for estimating the rate of change in faunal
composition along gradients of longitude and latitude. For this purpose the region
was subdivided into smaller segments. The 15 degrees of latitude were divided in-
to four units, comprised of one northernmost 3° unit and three 4° units. The ap-
proximately 9 degrees of longitude were divided into five units, comprised of four
2° units and one easternmost unit that varies in width from 1° to nearly 2° at the
southernmost limits (Fig. 2).
Using transparent overlay maps with the lines of latitude and longitude thus
established, the distribution maps of all the extant and non-introduced species of
birds were plotted, and a checkmark was made in each quadrant encompassing
the species' breeding range. Single records of "accidental" breedings or ex-
tralimital breeding records beyond the species "normal" breeding range were
ignored. In this manner, it was possible to establish patterns of distribution for the
four primary ecological groups defined earlier (arboreal, limnic, grassland, xeric
scrub) and for the four major zoogeographic categories (northern, eastern,
southern, and western). For obvious reasons, pandemic and "miscellaneous"
,ecological affinities were excluded from the analysis, as was the endemic category.
101
Ea
st
er
n
Ta
bl
e
1.
Sp
ec
ie
s
A
ss
oc
ia
te
d
w
ith
W
oo
dl
an
ds
an
d
Fo
re
st
s
N
or
th
er
n
Pa
nd
em
ic
W
es
te
rn
So
ut
he
rn
.
.
.
.
.
.
o N
M
is
si
ss
ip
pi
K
ite
R
ed
-s
ho
ul
de
re
d
H
aw
k
B
ro
ad
-w
in
ge
d
H
aw
k
A
m
er
ic
an
K
es
tr
el
B
ob
w
hi
te
B
la
ck
-b
ill
ed
C
uc
ko
o
B
ar
re
d
O
w
l
Ch
u
c
k-
w
ill
s-
w
id
ow
W
hi
p-
po
or
-w
ill
Ch
im
ne
Y
Sw
ift
R
ub
y-
th
-ro
at
ed
H
um
m
in
gb
ir
d
Pi
le
at
ed
W
oo
dp
ec
ke
r
R
ed
-b
el
lie
d
W
oo
dp
ec
ke
r
R
ed
-h
ea
de
d
W
oo
dp
ec
ke
r
R
ed
-c
oc
ka
de
d
W
oo
dp
ec
ke
r
Ea
st
er
n
K
in
gb
ird
G
re
at
C
re
st
ed
Fl
yc
at
ch
er
Ea
st
er
n
Ph
oe
be
A
ca
di
an
Fl
yc
at
ch
er
Le
as
t
Fl
vc
at
ch
er
Ea
st
er
n
-
W
oo
d
Pe
w
ee
B
lu
e
Ja
y
Fi
sh
Cr
ow
C
ar
ol
in
a
C
hi
ck
ad
ee
Tu
ft
ed
Ti
tm
ou
se
B
ro
w
n-
he
ad
ed
N
ut
ha
tc
h
B
ew
ic
k'
s
W
re
n
C
ar
ol
in
a
W
re
n
M
oc
ki
ng
bi
rd
G
ra
y
C
at
bi
rd
B
ro
w
n
T
hr
as
he
r
W
oo
d
T
hr
us
h
Ea
st
er
n
B
lu
eh
ird
Ba
ld
Ea
gl
e
G
os
ha
w
k
M
er
lin
Sp
ru
ce
G
ro
us
e
W
oo
dc
oc
k
Sa
w
-w
he
tO
w
l
B
la
ck
-b
ac
ke
d
3-
to
ed
W
oo
dp
ec
ke
r
O
liv
e-
si
de
d
Fl
yc
at
ch
er
Y
el
lo
w
-b
el
lie
d
Sa
ps
uc
ke
r
G
ra
v
Ja
v
Bor
~al
C
hi
ck
ad
ee
B
ro
w
n
C
re
ep
er
W
in
te
rW
re
n
V
ee
ry
H
er
m
it
T
hr
us
h
Sw
ai
ns
on
's
T
hr
us
h
R
ub
y-
cr
ow
ne
d
K
in
gl
et
G
ol
de
n·
c
ro
w
n
e
d
K
in
gl
et
So
lit
ar
v
V
ire
o
Phi
lad
~lp
hia
V
ire
o
N
or
th
er
n
W
at
er
th
ru
sh
Pa
lm
W
ar
bl
er
N
as
hv
ill
e
W
ar
bl
er
Te
nn
es
se
e
W
ar
bl
er
M
ag
no
lia
W
ar
bl
er
Ca
pe
M
av
W
ar
bl
er
B1
ac
kb
ur
~i
an
W
ar
bl
er
Ba
v
br
ea
st
ed
W
ar
bl
er
Y
el
lm
v-
ru
m
pe
d
\V
ar
hl
er
M
ou
rn
in
g
W
ar
hl
er
Ca
na
da
W
ar
bl
er
F
\'c
ni
ng
G
ro
sh
ea
k
C
oo
pe
r's
H
aw
k
B
ro
ad
-ta
ile
d
H
um
m
in
gb
ir
d
Sh
ar
p-
sh
in
ne
d
H
aw
k
N
or
th
er
n
3-
to
ed
W
oo
dp
ec
ke
r
R
ed
-ta
ile
d
H
aw
k
Le
w
is'
·s
W
oo
dp
ec
ke
r
W
ild
T
ur
ke
y
W
es
te
rn
K
in
gb
ird
R
uf
fe
d
G
ro
us
e
C
as
si
n'
s
K
in
gb
ird
M
ou
rn
in
g
D
ov
e
A
sh
-t
hr
oa
te
d
Fl
yc
at
ch
er
Y
el
lo
w
-b
ill
ed
C
uc
ko
o
Sa
y'
s
Ph
oe
be
Sc
re
ec
h
O
w
l
W
es
te
rn
Fl
yc
at
ch
er
Lo
ng
-e
ar
ed
O
w
l
D
us
ky
Fl
yc
at
ch
er
G
re
at
H
or
ne
d
O
w
l
W
es
te
rn
W
oo
d
Pe
w
ee
C
om
m
on
Fl
ic
ke
r
Sc
ru
b
Ja
y
H
ai
ry
W
oo
dp
ec
ke
r
Pi
ny
on
Ja
y
D
ow
ny
W
oo
dp
ec
ke
r
B
la
ck
-b
ill
ed
M
ag
pi
e
W
ill
ow
Fl
yc
at
ch
er
Pl
ai
n
T
itm
ou
se
C
om
m
on
R
av
en
C
om
m
on
B
us
ht
it
C
om
m
on
Cr
ow
R
ed
-b
re
as
te
d
N
ut
ha
tc
h
B
la
ck
-c
ap
pe
d
C
hi
ck
ad
ee
Py
gm
y
N
ut
ha
tc
h
W
hi
te
-b
re
as
te
d
N
ut
ha
tc
h
T
ow
ns
en
d'
sS
ol
ita
ire
H
ou
se
W
re
n
M
ou
nt
ai
n
B
lu
eb
ird
A
m
er
ic
an
R
ob
in
M
ac
G
ill
iv
ra
v'
s
W
ar
bl
er
C
ed
ar
W
ax
w
in
g
W
es
te
rn
Ta
t1
ag
er
Lo
gg
er
he
ad
Sh
rik
e
B
la
ck
-h
ea
de
d
G
ro
sb
ea
k
W
ar
bl
in
g
V
ire
o
H
ou
se
Fi
nc
h
Y
el
lo
w
W
ar
bl
er
La
zu
li
B
un
tin
g
Y
el
lo
w
-b
re
as
te
d
C
ha
t
Le
ss
er
G
ol
df
in
ch
B
ro
w
n-
he
ad
ed
Co
w
bi
rd
N
or
th
er
n
O
rio
le
A
m
er
ic
an
G
ol
df
in
ch
R
uf
ou
s
sid
ed
To
w
he
e
C
hi
pp
in
g
Sp
ar
ro
w
So
ng
Sp
ar
ro
w
G
ol
de
n-
fr
on
te
d
W
oo
dp
ec
ke
r
La
dd
er
-b
ac
ke
d
W
oo
dp
ec
ke
r
Sc
is
so
r-
ta
ile
d
Fl
yc
at
ch
er
B
la
ck
-c
re
st
ed
T
itm
ou
se
B
la
ck
-c
ap
pe
d
V
ire
o
G
re
at
-ta
ile
d
G
ra
ck
le
B
lu
e
G
ro
sb
ea
k
Pa
in
te
d
B
un
tin
g
Ea
st
er
n
B
lu
e
gr
ay
G
na
tc
at
ch
er
W
hi
te
-e
ve
d
V
ire
o
B
el
l's
V
ire
o
Y
el
lo
w
-th
ro
at
ed
V
ir
eo
R
ed
-e
ye
d
V
ire
o
B
la
ck
a
n
d
W
hi
te
W
ar
bl
er
Pr
ot
ho
no
ta
ry
W
ar
bl
er
Sw
ai
ns
on
's
W
ar
bl
er
G
ol
de
n-
w
in
ge
d
W
ar
bl
er
B
lu
e-
w
in
ge
d
W
ar
bl
er
N
or
th
er
n-
Pa
ru
la
B
la
ck
-th
ro
at
ed
B
lu
e
W
ar
bl
er
B
la
ck
-th
ro
at
ed
G
re
en
W
ar
bl
er
C
er
ul
ea
n
W
ar
bl
er
Y
el
lo
w
-th
ro
at
ed
W
ar
bl
er
S
C
he
st
nu
t-s
id
ed
W
ar
bl
er
V
J
Pi
ne
W
ar
bl
er
Pr
ai
rie
W
ar
bl
er
O
ve
nb
ird
Lo
ui
si
an
a
W
at
er
th
ru
sh
K
en
tu
ck
y
W
ar
bl
er
H
oo
de
d
W
ar
bl
er
A
m
er
ic
an
R
ed
st
ar
t
C
om
m
on
G
ra
ck
le
O
rc
ha
rd
O
rio
le
Su
m
m
er
T
an
ag
er
Sc
ar
le
tT
an
ag
e-
r
C
ar
di
na
l
R
os
e-
br
ea
st
ed
G
ro
sb
ea
k
In
di
go
B
un
tin
g
N
or
th
er
n
Pu
rp
le
Fi
nc
h
Re
d
Cr
os
sb
i11
Pi
ne
Si
sk
in
D
ar
k-
ey
ed
Ju
n
e
o
W
hi
te
-t
hr
oa
te
d
Sp
ar
ro
w
Pa
nd
em
ic
\V
es
te
rn
So
ut
he
rn
Pa
nd
em
ic
Ta
bl
e
2.
Sp
ec
ies
A
ss
oc
ia
te
d
w
ith
Li
m
ni
c
En
vi
ro
nm
en
ts
W
es
te
rn
Ea
st
er
n
N
or
th
er
n
En
de
m
ic
.
.
.
.
.
.
o ..,
.
Pi
ed
-b
ill
ed
G
re
be
D
ou
bl
e-
cr
es
te
d
C
or
m
or
an
t
Ca
na
da
G
oo
se
G
re
en
-w
in
ge
d
Te
al
M
al
la
rd
Pi
nt
ai
l
B
lu
e-
w
in
ge
d
Te
al
N
or
th
er
n-
Sh
ov
el
er
G
re
at
Eg
re
t
Sn
ow
y
Eg
re
t
G
re
at
B
lu
e
H
er
on
B
la
ck
-c
ro
w
ne
d
N
ig
ht
H
er
on
V
irg
in
ia
Ra
il
So
ra
A
m
er
ic
an
Co
ot
Pi
pi
ng
Pl
ov
er
Sp
ot
te
d
Sa
nd
pi
pe
r
W
ill
et
C
om
m
on
T
er
n
Fo
rs
te
r's
T
er
n
B
la
ck
T
er
n
Le
as
tT
er
n
Lo
ng
-b
ill
ed
M
ar
sh
W
re
n
Re
d~
wi
ng
ed
B
la
ck
bi
rd
C
om
m
on
Y
el
lo
w
th
ro
at
W
es
te
rn
G
re
be
Ea
re
d
G
re
be
W
hi
te
Pe
lic
an
T
ru
m
pe
te
rS
w
an
A
m
er
ic
an
W
ig
eo
n
G
ad
w
al
l
C
in
na
m
on
Te
al
Ca
nv
as
ba
ck
R
ed
he
ad
Le
ss
er
Sc
au
p
R
ud
dy
D
uc
k
Sn
ow
y
Pl
ov
er
A
m
er
ic
an
A
vo
ce
t
B
la
ck
-n
ec
ke
d
St
ilt
Ca
lif
or
ni
a
G
ul
l
R
in
g-
bi
lle
d
G
ul
l
Y
el
lo
w
-h
ea
de
d
B
la
ck
bi
rd
B
la
ck
D
uc
k
W
oo
d
D
uc
k
H
oo
de
d
M
er
ga
ns
er
G
re
en
H
er
on
Li
ttl
e
B
lu
e
H
er
on
Y
el
lo
w
-c
ro
w
ne
d
N
ig
ht
H
er
on
Ca
ttl
e
Eg
re
t
A
m
er
ic
an
B
itt
er
n
Le
as
tB
itt
er
n
K
in
g
Ra
il
B
la
ck
Ra
il
C
om
m
on
G
al
lin
ul
e
Pu
rp
le
G
al
lin
ul
e
Sh
or
t-b
ill
ed
M
ar
sh
W
re
n
C
om
m
on
Lo
on
R
ed
-n
ec
ke
d
G
re
be
H
or
ne
d
G
re
be
R
in
g-
ne
ck
ed
D
uc
k
B
uf
fle
he
ad
W
hi
te
-w
in
ge
d
Se
at
er
C
om
m
on
G
ol
de
ne
ye
C
om
m
on
M
er
ga
ns
er
G
re
at
er
Sa
nd
hi
ll
C
ra
ne
Y
el
lo
w
Ra
il
C
om
m
on
Sn
ip
e
Sw
am
p
Sp
ar
ro
w
W
ils
on
's
Ph
al
ar
op
e
Fr
an
kl
in
's
G
ul
l
En
de
m
ic
W
es
te
rn
Ta
bl
e
3.
Sp
ec
ies
A
ss
oc
ia
te
d
w
ith
G
ra
ss
la
nd
s
Pa
nd
em
ic
Ea
st
er
n
N
or
th
er
n
Pi
nn
at
ed
G
ro
us
e
M
ou
nt
ai
n
Pl
ov
er
Lo
ng
-b
ill
ed
Cu
rle
w
M
ar
bl
ed
G
od
w
it
U
pl
an
d
Sa
nd
pi
pe
r
W
hi
te
-n
ec
ke
d
R
av
en
D
ic
kc
is
se
l
B
ai
rd
's
Sp
ar
ro
w
Le
C
on
te
's
Sp
ar
ro
w
La
rk
B
un
tin
g
Cl
ay
-c
ol
or
ed
Sp
ar
ro
w
.
.
.
.
.
C
as
si
n'
sS
pa
rro
w
s:
M
cC
ow
n'
s
Lo
ng
sp
ur
C
he
st
nu
t-c
ol
la
re
d
Lo
ng
sp
ur
Sp
ra
gu
e'
s
Pi
pi
t
Fe
rr
ug
in
ou
s
H
aw
k
Sw
ai
ns
on
's
H
aw
k
Pr
ai
rie
Fa
lc
on
B
ur
ro
w
in
g
O
w
l
Po
or
-w
ill
W
es
te
rn
M
ea
do
w
la
rk
B
re
w
er
's
B
la
ck
bi
rd
M
ar
sh
H
aw
k
Sh
or
t-e
ar
ed
O
w
l
H
or
ne
d
La
rk
B
ob
ol
in
k
Sa
v
an
n
ah
Sp
ar
ro
w
G
ra
ss
ho
pp
er
Sp
ar
ro
w
V
es
pe
rS
pa
rro
w
Ea
st
er
n
M
ea
do
w
la
rk
B
ac
hm
an
's
Sp
ar
ro
w
Fi
el
d
Sp
ar
ro
w
H
en
sl
ow
's
Sp
ar
ro
w
Sh
ar
p-
ta
ile
d
G
ro
us
e
So
ut
he
rn
Sc
al
ed
Qu
ail
R
oa
dr
un
ne
r
V
er
di
n
Cu
rv
e-
bi
lle
d
Th
ra
sh
er
G
ra
y
V
ire
o
B
ro
w
n
To
w
he
e
R
uf
ou
s-
cr
ow
ne
d
Sp
ar
ro
w
B
la
ck
-th
ro
at
ed
Sp
ar
ro
w
Ta
bl
e
4.
Sp
ec
ies
A
ss
oc
ia
te
d
w
ith
X
er
ic
Sc
ru
b
W
es
te
rn
Sa
ge
G
ro
us
e
Ro
ck
W
re
n
Ca
ny
on
W
re
n
Sa
ge
T
hr
as
he
r
G
re
en
-ta
ile
d
To
w
he
e
B
ro
w
n
To
w
he
e
B
re
w
er
's
Sp
ar
ro
w
M
isc
el
la
ne
ou
s
Ta
bl
e
5.
M
isc
el
la
ne
ou
s,
A
cc
id
en
ta
l,
In
tro
du
ce
d
an
d
Ex
tir
pa
te
d
o
r
Ex
tin
ct
Sp
ec
ies
A
cc
id
en
ta
l
In
tro
du
ce
d
Ex
tir
pa
te
d
Ex
tin
ct
T
ur
ke
y
V
u
hu
re
(1
')'
B
la
ck
V
ul
tu
re
(5)
G
ol
de
n
Ea
gl
e
(W
)
O
sp
re
y
(1'
)
Pe
re
gr
in
e
(1'
)
B
ar
n
O
w
l(
1')
C
om
m
on
N
ig
ht
ha
w
k
(1'
)
W
hi
te
th
ro
at
ed
Sw
ift
(W
)
B
el
te
d
K
in
gf
is
he
r
(1'
)
V
io
le
t-
gr
ee
n
Sw
al
lo
w
(W
)
T
re
e
Sw
al
lo
w
(N
I
B
an
k
Sw
al
lo
w
(1'
)
R
ou
gh
-w
in
ge
d
Sw
al
lo
w
(1'
)
.
.
.
.
.
.
.
B
ar
n
Sw
al
lo
w
(1'
)
§2,
Cl
iff
Sw
al
lo
w
(1'
)
Pu
rp
le
M
ar
tin
(1'
)
A
nh
in
ga
(F
)
T
ri
co
lo
re
d
H
er
on
(E
)
W
hi
te
fa
ce
d
Ib
is
(W
)
Fu
lv
ou
s
W
hi
st
lin
g
D
uc
k
(5)
M
ot
tle
d
M
al
la
rd
(5)
C
as
pi
an
T
er
n
(1'
)
H
ar
ri
s'
s
H
aw
k
(51
G
re
at
G
ra
v
O
w
l(
N)
V
er
m
ili
on
Fl
yc
at
ch
er
(5)
G
ra
y
V
ir
eo
(5)
W
or
m
-e
at
in
g
W
ar
bl
er
(E
)
E
ve
ni
ng
G
ro
sb
ea
k
(N
)
W
hi
te
-w
in
ge
d
C
ro
ss
bi
ll
(N
)
(su
cc
es
sfu
llv
)
R
in
g-
ne
ck
ed
Ph
ea
sa
nt
G
ra
y
Pa
rt
ri
dg
e
R
oc
k
D
ov
e
H
ou
se
Sp
ar
ro
w
St
ar
lin
g
(u
nc
er
tai
n
st
at
us
)
C
hu
ka
r
Pa
rt
ri
dg
e
B
lu
e
G
ro
us
e
(W
)
W
hi
te
-t
ai
le
d
K
ite
(S)
Sw
al
lo
w
-ta
ile
d
K
ite
(5)
W
ho
op
in
g
C
ra
ne
(N
)
Pa
ss
en
ge
r
Pi
ge
on
(E
)
C
ar
ol
in
a
Pa
ra
ke
et
(E
)
Im
ry
-b
ill
cd
W
oo
d-
pe
ek
er
(F)
1'
--
Pa
nd
em
ic
.
5
-
-
So
ut
he
rn
.
W
-W
es
te
rn
.
N
-
N
or
th
er
n.
F-
-
E
as
te
rn
Ta
bl
e
6.
Su
m
m
ar
y
of
Li
sti
ng
s
o
fS
pe
cie
si
n
Ta
bl
es
1
to
5
~
G
eo
gr
ap
hi
c
A
ffi
ni
tie
s
of
Sp
ec
ies
Ec
ol
og
ic
A
ffi
ni
tie
s
of
Sp
ec
ies
Ea
st
er
n
N
or
th
er
n
W
es
te
rn
So
ut
he
rn
Pa
nd
em
ic
En
de
m
ic
In
tro
du
ce
d
To
ta
ls
12 75 23
%
W
oo
dl
an
d
&
Fo
re
st
sp
p.
63
37
25
8
31
Li
m
ni
c
sp
p.
14
12
17
25
G
ra
ss
la
nd
sp
p.
4
1
7
7
X
er
ic
Sc
ru
b
sp
p.
~
7
8
O
th
er
sp
p.
6
5
5
8
To
ta
ls
87
55
61
24
%
27
%
17
%
19
%
7%
2 15 17 5
%
5 5 2%
16
4(5
1%
)
70
(22
%)
34
(11
%
)
15
(
4%
)
11
1(1
2%
)
32
4
Fig. 2. The area encompassed
by the analysis, and quadrants
of latitude and longitude used
for subdividing the region.
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Perhaps the simplest method of presenting the resulting data is attained by
recording the total number of breeding species having identified geographical or
ecological affinities that are known to breed in each of the quadrants of latitude
and longitude (Table 7). It may be noted that the species total not only varies be-
tween quadrants, but also that the totals reported for the geographical analysis are
always less than those of the ecological analysis. This is because although some
species listed as "miscellaneous" in their ecological affinities have distinct
geographic affinities, a much greater number of the pandemic or endemic species
can be classified as to their ecological affinites. This table also shows the strong in-
fluence of limnic and grassland-associated birds in the northern parts of the
region, and the increasingly greater influence of forest-adapted birds toward the
east and southeast. Throughout the region, the influence or xeric scrub remains
relatively small. Likewise, the western montane influence is stronest in the
quadrant comprising the Black Hills, the northern influence is strongly apparent
in the northeasternmost quadrant, the eastern influence is greatest in the
southeasternmost quadrant, and the southern influence is relatively low
throughout, but is strongest in the quadrant including the Red River Valley of
southwestern Oklahoma.
A more readily visualized method of presenting these results is to convert
them into graphic form, plotting the numerical data according to gradients of
latitude or longitude. After some experimentation, it was found that these
ecological and zoogeographical trends might be effectively illustrated by con-
verting the absolute numbers into relative ones, based on interactions of two
essentially opposite trends. Thus, rather than plotting the changes in numbers of
grassland-adapted species by zones of latitude (as can be readily done by extracting
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Table 7. Numbers of Species with Directional or Ecological Affinities Breeding
in Quadrants of Longitude and Latitude within Region
Longitude
102-104° 100-102° 98-100° 96-98° 95-95°
Latitude
46-49°
Scrub 2 I 0 0 0
Grass 3J 3J 28 28 17
Lirnnic 32 12 /1/1 /19 ')8
Arboreal 18 53 57 ()2 100
Total J13 J.27 J29 1')9 155
North II 8 18 J7 51
West 29 23 19 J7 10
South 0 0 0 0 0
East 18 27 30 33 110
Total 51 58 67 67 101
42-46°
Scrub 1 I 0 0 0
Grass 31 30 29 28 19
Lirnnic 27 32 39 37 40
Arboreal 83 56 59 66 58
Total 145 119 127 13J 117
North 22 5 5 7 9
West /14 2// 21 16 10
South I 1 I 1 1
East 21 32 35 41 4J
Total 91 62 62 65 61
38-42°
Scrub 2 2 I 0 0
Grass 28 23 21 1() 14
Lirnnic 28 28 30 27 23
Arboreal 46 63 58 72 80
Total 104 116 JJO 115 117
North 2 I 2 2 2
West 29 22 16 12 2
South 2 3 2 2 3
East 20 30 36 47 58
Total 53 56 56 63 65
34-38°
Scrub 9 6 6 2 2
Grass 20 20 16 13 12
Linmic 18 25 20 19
Arboreal 59 58 77 81 81
Total 99 102 12/1 116 114
North 0 0 0 0 0
West 32 20 16 7 1
South 10 10 11 8 7
East 19 30 50 60 68
Total 61 60 80 75 76
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the information in Table 7), it is more instructive to plot the percent of arboreal
species, minus that of grassland forms associated with each of these quadrants. A
number representing the excess of arboreal-adapted over grassland-adapted species
occurring in each quadrant can thus be easily obtained, and plotted according to
latitude or longitude (Fig. 3). Similarly, the excess of limnic-adapted over scrub-
adapted species was determined (Fig. 4). The resulting patterns generally confirm
the impression of relative environmental homogeneity and gradual ecological
gradients in the Great Plains. The east-west gradient in species composition from
arboreal to grassland-adapted is most uniform in the southern plains (34-38°
latitude), and the demarcation is sharpest in the northern plains, where the
primary "break" occurs between 95 and 98° longitude (Fig. 3). Likewise, the
north -south gradient in species composition trends of limnic-dependent to scrub-
adapted forms is a rather gradual one, especially between the 95th and 102nd
meridians (Fig. 4). To the west, the influence of the Black Hills and Chihuahuan
deserts become more apparent, and in the extreme east the overwhelming effect of
the arboreal-adapted forms tends to obscure the trends.
The gradients of east-west and north-south zoogeographic affinities can be
illustrated in the same manner (Figs. 5 and 6). In Figure 5, a plotting of the num-
bers of northern versus southern species is presented according to the five zones of
longitude defined earlier. Once again, the most uniform and gradual gradients
may be seen between the 96th and 102nd meridians, where a nearly straight-line
gradient exists, while to the west the Black Hills produces a "bulge" of boreal-
adapted species, and to the east the high incidence of northern forms in northern
Minnesota is strongly illustrated. Interestingly, however, the zone of equality be-
tween species of northern and southern affinities remains constant, and occurs at
about 40° N.latitude in all cases.
Lastly, the representation of the transition in dominance of eastern versus
western species provides an interesting example of the zoogeographic gradients to
1I2-lilP
Fig. 3. The rate of change in arboreal relative to grassland species of birds along
east-west gradients of latitude in the Great Plains.
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Fig. 4. The rate of change in limnic relative to scrub-adapted species of birds along
north-south gradients of longitude in the Great Plains.
+20
-20 0
-20 -20
-20
Fig. 5. The rate of change in northern relative to southern species of birds along
north-south gradients of longitude in the Great Plains.
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Fig. 6 The rate of change in eastern relative to western species of birds along east-
west gradients of latitude in the Great Plains. .
be seen in the Great Plains (Fig. 6). Over most of the region concerned, there is a
predominance of species having eastern affinities, and only in the westernmost
segment (102-104th meridian) is there an excess of western-associated species. At
all latitudes the transition in dominance between eastern and western forms oc-
curs at about the 102nd meridian, thus confirming the general dictum of the
100th meridian being a convenient dividing line for the two faunas. Interestingly,
an analysis of wintering bird populations in the Great Plains states (Bock et al.
1977) also suggests that the vicinity of the 100th meridian represents a major
biogeographic boundary between eastern and western bird faunas. The gradient of
transition varies considerably to the east of this meridian, being most rapid at
southern latitudes and is least evident at northern latitudes.
DISCUSSION AND CONCLUSIONS
Rather than regarding the Great Plains as a center of evolutionary diversity
and speciation in birds, it is perhaps better regarded as a natural barrier or
isolating agent in avian speciation, as is indicated by the relatively small number
of endemic species associated with the plains. The Great Plains may thus be
thought of as resembling an ocean, physically separating major faunas to varying
degrees, but also acting like a semipermeable barrier to the bird faunas associated
with Canada's boreal forest, the deciduous forest of the eastern and southeastern
United States, the Rocky Mountain coniferous forests, and the aridlands of the
American southwest.
Mengel (1970) has suggested that the central and southern parts of the Great
Plains may have been periodically covered by savannah, pine parklands, and even
boreal forests during periods of glaciation, which may have seriously interfered
with speciation during those periods. Hubbard (1974) has also examined
Pleistocene history as a possible basis for present-day distribution patterns and
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speciation characteristics of birds in the southwestern aridlands. Rising's (1974)
analysis of the summer birds of western Kansas produced similar result's to mine,
namely that a predominance (46 percent) of the breeding species exhibit arboreal
adaptations and have their zoogeographic affinities with eastern North America,
while the proportions of grassland and xeric scrub·adapted forms collectively com-
prise 23 percent, while limnic-adapted forms total 22 percent. My results for
western Kansas agree quite closely with his for the same general region.
The general conclusions to be drawn from these analyses are that, 01'-
nithologically at least, the Great Plains represent a relatively homogeneous unit,
without sharp zoogeographic breaks. Yet, within the plains area about 275 bird
species reach the limits of some part of their breeding ranges, and the region is
thus of extraordinary interest to ecologists and evolutionists. The region includes
numerous cases of range contact or range overlap between eastern and western
species pairs, and the lOOth meridian closely conforms to the primary zone of
hybridization in many of these species pairs (Bock et a!. 1977). A corresponding
analysis of plant distribution gradients for the entire plains area is not yet
available, but is feasible now that an atlas of Great Plains plants (Barkley 1977)
has been published. In any case, it is known that a considerable number of eastern
and western species of plants as well as animals come into contact east of the
Rocky Mountains, and that this area may be the most active biological "suture-
zone" in North America (Remington 1968).
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